Background There is little knowledge on comparisons of cardiovascular risk factors between prehypertension and hypertension in Mongolian populations, Inner Mongolia, China. Methods and Results A total of 2,589 Mongolians aged 20 years and over were recruited as study participants. Demographic data, lifestyle factors, family history of hypertension, blood pressure measurements, physical examination and blood samples were obtained and analyzed for all individuals. Prehypertensives and hypertensives accounted for 38.39% and 37.39%, respectively, in all participants. Multivariate logistic regression using proportional odds model showed that hypertension was significantly associated with age (odds ratio was 5.79, 8.84, 30.05 and 32.28 for age 40-, 50-, 60-and 70-, respectively), family history of hypertension (7.12), alcohol drinking (2.03), overweight (4.69) and hyperlipidemia (3.49), and prehypertension significantly associated with age (3.65 for age 70-84), hyperlipidemia (1.80) in males. In females, hypertension was significantly associated with age (8.58, 14.40, 33.00, 63.67 for age 40-, 50-, 60-and 70-, respectively), family history of hypertension (5.65), overweight (3.16) and high C-reactive protein (≥10.356 mg/L), and prehypertension significantly associated with age (1.72, 2.00, 2.74 and 6.67 for age 40-, 50-, 60-and 70-, respectively) and overweight (1.68). Conclusions Prevalence of some cardiovascular risk factors and number of risk factors in hypertensives were higher than that in prehypertensives. (Circ J 2008; 72: 1666 -1673 
ypertension is a well-established risk factor for cardiovascular disease (CVD). Recently, a new blood pressure (BP) designation of prehypertension has also been suggested as a condition of future risk. 1, 2 The Seventh Report of the Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC7) 3 had prehypertension defined as a systolic BP (SBP) of 120 to 139 mmHg and/or a diastolic BP (DBP) of 80 to 89 mmHg. A concept "normal high BP" that was the same as prehypertension was put forward in the 2005 China Guidelines on Prevention and Management of High BP, 4 and that prehypertension or normal high BP has not currently been categorized as a disease. However, some evidence have documented that people with prehypertension have more cardiovascular risk factors 5 and cardiovascular events compared with those with normal BP. 2, 6, 7 Furthermore, prehypertensive individuals are known to be at increased risk of progressing to hypertension, 8, 9 the individuals with prehypertension are more likely to progress to clinical hypertension, 8 and prehypertension also is a risk factor of CVD. 10, 11 The relationship between BP and the risk of CVD is continuous, the higher the BP is, the greater the chance of developing myocardial infarction, heart failure and stroke.
There were marked ethical and geographical difference in BP level and the prevalence of hypertension in China. 12 Our findings of pre-study 13 suggested that prevalence of hypertension and rates of risk factors, such as obesity, alcohol drinking, hyperlipemia and hyperglycemia were higher, and hypertension had been an important public health problem in the Mongolian population of rural and animal husbandry area, Inner Mongolia, China. However, there is little knowledge on comparisons of cardiovascular risk factors between prehypertension and hypertension in Mongolian people of the area. The purpose of the present study was to compare the risk factors between prehypertension and hypertension in the Mongolian population, and to provide suggestions for prevention and control of CVD.
Methods

Study Participants
A cross sectional survey was conducted between 2002 and 2003. In the survey, 2 townships including 32 villages in Kezuohou Banner (county) and Naiman Banner in Inner Mongolia, China, were served as the study fields. The 2 adjacent townships are 100 km from Tongliao, a prefecturelevel city in eastern Inner Mongolia, China. Most of the residents in the investigation field are Mongolian who had lived there for a long time from generation to generation, they have maintained traditional manners and customs of Mongolian ethnicity, and their professions are both farmers and herdsmen, and their diets are high in fat and salt. There were a total of 3,475 Mongolian people aged 20 or over in the 32 villages; among them, 2,589 people who signed informed consent in the field were included in the present analysis. A total of 886 did not sign informed consent and were not investigated because they were out of the field or refused to respond at the time of investigation.
Data Collection and Examination
Data on demographic characteristics, lifestyle risk factors, family history of hypertension and medical history were obtained using a standard questionnaire administered by trained staff. Cigarette smoker was defined as having smoked at least 1 cigarette per day for 1 year or more. The amount and type of alcohol consumed during the past year was collected, alcohol drinking was defined as consuming at least 50 g alcohol per day for 1 year or more.
Three BP measurements were performed by 4 trained doctors while the study participants were in the sitting position, with a standard mercury sphygmomanometer according to a standard protocol, after the subjects had been resting for 30 min. The first and fifth Korotkoff sounds were recorded as SBP and DBP, respectively, the mean of 3 BP measurements was used in the analysis. Prehypertension was defined as SBP of 120-139 mmHg and/or DBP of 80-89 mmHg, hypertension was defined as SBP ≥140 mmHg and/or DBP ≥90mmHg and/or use of antihypertensive medication in recent 2 weeks. Normotensive was defined as SBP <120mmHg and DBP <80 mmHg without use of antihypertensive medication.
Body weight and height were measured with subjects wearing light clothing and without shoes by trained staff. The body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters. The waist circumference (WC) was measured at the level of 1 cm above the umbilicus. Overweight was defined as BMI ≥25 kg/m 2 , and central obesity was defined as WC ≥85 cm for male and ≥80 cm for female. 4, 14 Fasting blood samples were collected in the morning after at least 8 h of fasting for all participants. Serum was subsequently isolated from the whole blood, and all serum samples were frozen at -80°C for testing. Fasting blood glucose (FBG) was examined using a glucose meter (Roche, Basel, Switzerland) in the field, hyperglycemia was defined as FBG ≥6.1 mmol/L. Total cholesterol (TC), hig-hdensity lipoprotein-cholesterol (HDL-C) and triglycerides (TG) were analyzed enzymatically on a Beckman Synchrony CX5 Delta Clinical System (Beckman Coulter, Fullerton, CA, USA) using commercial reagents, and low-density lipoprotein-cholesterol (LDL-C) concentration was calculated by use of the Friedewald equation for the individuals. protein (CRP) was determined with immunoturbidimetry on a Beckman Synchron CX5 Delta Clinical System using commercial reagents. All participants were divided into even quartiles of CRP by gender and high concentration of CRP was defined as more than upper quartile (male: ≥12.641 mg/L, female: ≥10.356 mg/L).
Statistical Analysis
The means and 95% confidence intervals (CI) of continuous variables, prevalence and 95% CI of categorical variables were calculated for normotensive, prehypertensive and hypertensive individuals before and after adjusted for age, respectively. In calculating means, logarithm translations were conducted for skewed variables (BMI, TC, TG, FBG, CRP), and then means and 95% CI were calculated. Analysis of covariance (ANCOVA) was used to compare difference for adjusted mean among inter-groups, and StudentNewman-Keuls used to compare difference between the 2 groups. Comparisons of adjusted prevalence between and among groups were performed by using weighted 2 tests. Multivariate logistic regression analysis (proportional odds model) 15 was used to determine the risk factors for hypertension and prehypertension adjusted for multivariable. In the analysis, normotension, prehypertension and hypertension were served as dependent variables, and other factors served as independent variables. All p-values were based on a 2-sided test and a significance level of 0.05. Statistical analysis was conducted using SAS statistical software (version 9.1).
Results
A total of 2,589 participants aged 20-84 years including 1,064 males and 1,525 females, were included in the analysis. There were 968 hypertensives, 994 prehypertensives and 627 normotensives among the participants. Prehypertensives accounted for 38.39% (38.44% in males and 38.36% in females, respectively), and hypertensives accounted for 37.39% (45.58% in males and 31.67% in females, respectively) in all participants. The proportions of prehypertension and hypertension were higher in males than that in females.
Figs 1 and 2 illustrate proportions of prehypertension and hypertension accounted for in all participants by age in males and females. The proportion of hypertension increased with age, and the proportion of prehypertension basically decreased with age in both genders. Table 1 presents the comparisons of crude rate and ageadjusted rate of lifestyle factors among normotensives, prehypertensives and hypertensives by gender. In males, the age-adjusted rate of family history of hypertension in hypertensives was higher than prehypertensives than normotensives (both p<0.05). In females, the age-adjusted rate of family history of hypertension in hypertensives was higher than both prehypertensives and normotensives (both p< 0.05), but there was no significant difference between prehypertensives and normotensives. In males, hypertensives had higher age-adjusted rate of alcohol drinking than both prehypertensive and normotensives (both p<0.05); however, there was no significant difference to be found between prehypertensives and normotensives. In females, age-adjusted rate of alcohol drinking was not significantly different among the 3 groups. In regards to cigarette smoking, no difference was found for age-adjusted rate among the 3 groups in males (p>0.05), but in females, normoten- Tables 1-3. sives had a higher rate than hypertensives. The crude and age-adjusted means of BMI and WC, crude and age-adjusted rates of overweight and central obesity among normotensives, prehypertensives and hypertensives are presented in Table 2 . Hypertensives had significantly greater BMI, WC levels, rate of overweight than prehypertensives (p<0.05) than normotensives (p<0.05) for both genders, and higher age-adjusted rate of central obesity than prehypertensives (p<0.05) than normotensives (p<0.05) in males. However, no significant difference was found for adjusted rates of central obesity between prehypertensives and normotensives in females. Table 3 presents the means of TG, TC, HDL-C, LDL-C, CRP and FBG, and prevalence rates of hyperlipidemia and hyperglycemia adjusted for age among normotensives, prehypertensives and hypertensives. In males, hypertensives had significantly higher TG, TC, LDL-C, FBG and CRP age-adjusted means and age-adjusted rate of hyperlipidemia than both prehypertensives and normotensives (all p<0.05), and age-adjusted TC concentrations, age-adjusted rate of hyperlipidemia were greater in prehypertensives than in normotensives, but there was no significant difference for TG, LDL-C, FBG, and CRP concentrations between prehypertensives and normotensives. In females, TG, FBG and CRP age-adjusted means and age-adjusted rates of hyperlipidemia and hyperglycemia in hypertensives were higher than in both prehypertensives and normotensives. TG and FBG age-adjusted means and age-adjusted rate of hyperlipidemia were greater in prehypertensives than in normotensives.
Normotensive group served as the control, the multivariable-adjusted odds ratios (OR) of prehypertension and hypertension associated with various factors were estimated in multivariate logistic analysis using multinomial logistic model by gender, the OR and 95% CI are presented in Table 4 . Number of factors significantly associated with hypertension was more than that associated with prehypertension for both males and females. For example, in males, age, family history of hypertension, alcohol drinking, overweight, and hyperlipidemia were significantly associated with hypertension, yet only age and hyperlipidemia were significantly associated with prehypertension. In females, age, family history of hypertension, BMI, and high concentration of CRP were significantly associated with hypertension, yet only age and BMI were significantly associated with prehypertension. Moreover, smoking was found to be a negatively significant association with hypertension and prehypertension.
Discussion
Our study indicated that elevated BP was common in the Mongolian population of the study field, where 38.39% of study individuals (38.44% males and 38.36% females, respectively) had prehypertension and 37.39% (45.58% males and 31.67% females, respectively) had hypertension. Our study found that there was an overall proportion of 38.39% that are prehypertensives in a Mongolian population and was higher than other studies. Other studies showed 34% in Taiwanese adults, 16 31% in American adults 5, 17 and 32.8% in Thai adults, 18 but the current study was lower than that of 44.1% in Chinese Han people in Liaoning province. 19 Our findings also showed that the proportion of prehypertensives decreased and proportion of hypertensives increased with age in Mongolian, which implied that the individuals with prehypertension had probably progressed to hypertension in their older years. A previous study showed that individuals with higher BP levels had a higher morbidity of CVD than those with normal BP. 1 Like hypertension, prehypertension tends to be more severe over time, and progressing to hypertension from prehypertension depends on the level of BP and age. The 4-year morbidity of hypertension 8 was 43% in individuals with higher BP levels (130-139/85-89 mmHg) of prehypertension, 20% in those with lower BP levels (120-129/80-84 mmHg) of prehypertension, and 10% in those with BP <120/80 mmHg, and the 4-year morbidity of hypertension was 42% in individuals with prehypertension who aged 65 or more, 27% in those with prehypertension who were aged 35-64. In China, a 10-year prospective study showed that morbidity of hypertension was 22.2%, 44.7% and 64.3% in individuals with BP levels of <120/80, 120/80-129/84 and 130/85-139/89 mmHg, respectively. 20 The present study found that prevalence rates for some cardiovascular risk factors in hypertensives were significantly higher than that in prehypertensives, and the number of factors significantly associated with hypertension was more than that of factors significantly associated with prehypertension. These findings indicated that progression to hypertension from prehypertension could be the result of continuous accumulation of various risk factors. Although prevalence rates for some cardiovascular risk factors and number of risk factors in hypertensives were significantly higher than that in prehypertensives, the prehypertensives also had significantly higher prevalence rates of the risk factors including overweight, hyperlipidemia than normotensive individuals, and OR of prehypertension associated with those risk factors were greater, which meant that prehypertension had partly the same risk factors as hypertension and some cardiovascular risk factors had strongly existed in the stage of prehypertension, and individuals with prehypertension would progress to hypertension in future years. Zhu et al's study showed that BMI and WC were significantly greater in prehypertensives than in normotensives, and prehypertensives were more likely to have a positive family history of hypertension. 21 Agyemang and colleagues' study also suggested that BMI was strongly associated with prehypertension in both males and females, and TC was positively associated with prehypertension in females. 22 Some investigations also showed that overweight and obesity positively correlated to both prehypertension and hypertension, [23] [24] [25] and that dyslipidemia, elevated FBG and CRP tended to coexist with hypertension and prehypertension. 26, 27 Greenlund et al's study showed a greater probability of suffering from hypercholesteremia and hyperglycemia in prehypertensives than normotensives. 5 Kim and colleagues' study showed that individuals with high normal BP have greater risk for CVD than those with normal BP. 28 In the current study, prevalence rates of overweight, hyperlipidemia (in both males and females) and TC concentration (males), TG (females) in both hypertensives and prehypertensives were higher than in normotensives, and CRP levels in hypertensives were higher than that in prehypertensives and normotensives.
As we know, aggregation of multiple risk factors could increase the risk of coronary heart disease. [29] [30] [31] Therefore, preventing prehypertension and hypertension and controlling BP, lipids and FBG at the target levels among individuals with high BP are important public health goals.
Lifestyle modifications should be carried out for all individuals with prehypertension, including losing weight, increasing physical activity, adopting the Dietary Approaches to Stop Hypertension eating plan, 32 and moderating alcohol consumption. People with prehypertension should be informed the consequences of progressing to hypertension from prehypertension and lifestyle modifications be emphasized so as to prevent hypertension and CVD. However, our study did not find a positive association between smoking and prehypertension and hypertension; we found a negative association between smoking and prehypertension and hypertension in females, and smoking appears to be a protection factor for prehypertension and hypertension in females. In fact, some epidemiological studies have reported lower BP in smokers than in non-smokers. 33 Lower BP in smokers than non-smokers might be ascribed to effect of smoking reducing weight, for example, Primatesta et al's study showed that light smokers (1-9 cigarettes/day) tended to have lower BP than never smokers among women, and current smokers had significantly lower BMI than did never smokers, although the authors did not conclude that light smoking could decrease BP by reducing weight. 34 In Lee et al's study, the trends for increased risk of hypertension for longer periods of smoking cessation were observed in subgroups of those who maintained weight as well as those who gained weight after smoking cessation. 35 However, the relationship between smoking and development of hypertension is still unclear and controversial. 36 There are some limitations in the present study. First, it was a cross sectional study, in which progressing to hypertensives from prehypertensives with cardiovascular risk factor could not be precisely delineated. Second, approximately 25% individuals who were eligible for the inclusion did not participate in the study, which would unavoidably cause some selection bias. However, the study site is a remote area from the city, inhabitants here knew little about their BP values, and it was not likely that they did not participate in the study because of knowing their BP values, which might have partly retrieved the above deficiency.
In summary, our study found that prevalence rates for some cardiovascular risk factors in hypertensives were significantly higher than that in prehypertensives, and the number of risk factors in hypertensives was significantly higher than that in prehypertensives in Mongolian people, Inner Mongolia, China. Prehypertension had partly the same risk factors as hypertension, and prehypertensives had higher prevalence rates of some risk factors than normotensives. This study suggested that more positive strategies including lifestyle modifications and treatment for the early prevention of CVD might be needed for individuals with prehypertension.
